ABSTRACT. We describe the successful surgical repair of third-degree perineal lacerations with rectovestibular fistulae in four cases using the single-stage modified Aanes method with purse-string suture of the vaginal vestibule and rectum. Fistulae formation and dehiscence of the repair were not observed after surgery. Two cows had five calves and one cow had four calves after surgery. The pregnant cows delivered normally. Additionally, there was no dehiscence of the suture line during the subsequent parturition. The breeding and fertility results obtained after the surgery are presented. According to the results of the present study, the modified Aanes method for the repair of third-degree perineal lacerations with rectovestibular fistulae appears to have a good prognosis for fertility following surgery in cows. These injuries are classified into first-, second-, and third-degree lacerations, according to the extent and severity of tissue damage [12] .
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All cows were of the Holstein breed and their ages ranged from 2-3 years (mean=2.5 ± 0.6 years) at the time of laceration (Table 1) .
Surgical technique: Food was withheld for 24 hr, although water was provided ad libitum. First, 7,300 IU/kg of procaine penicillin G (Kyoritsu Seiyaku Inc., Tokyo, Japan) was injected into the muscles 1 hr before surgery. The cows were restrained in a standing position. Local anesthesia consisted of a lumbar epidural injection of 0.1 mg/kg of 2% lidocaine hydrochloride (Pfizer Japan Inc., Tokyo, Japan) and 0.025 mg/kg of 2% xylazine hydrochloride (Selactar 0.2%; Bayer, Ltd., Tokyo, Japan) administered between the first and second lumbar vertebrae using the epidural needle (16G, 12 cm in length; Hakko Syoji, Tokyo, Japan). The tail was tied on one side. As much fecal material as possible was removed from the rectum. The perineal region and vaginal vault were cleaned by repeatedly flushing with 5% chlorhexidine hydrochloride according to standard surgical principles and were then thoroughly dried. Local anesthesia for the perineal region consisted of a subcutaneous injection of 10 ml 2% lidocaine hydrochloride (Pfizer Japan Inc.). After preparation of the perineal region, the modified Aanes technique (single-stage surgical technique) was used for suturing and closure of the lacerations.
First, stay sutures were placed on the disrupted dorsal commissure of the vulva, and the perineum was stretched to the left and right (Fig. 1A) . The ventral aspect of the rectum and healed margin of the laceration on the dorsal aspect of the vagina, which were joined together, were dissected using an incision, and the area was divided into two parts: the vaginal side (vaginal shelf) and rectal side (rectal shelf) (Fig. 1B) . The completed incision extended from the shelf formed by the intact rectum and vagina, along the scar-tissue margin, to the level of the dorsal commissure of the vulva. During the suture of the vaginal shelf, the area between the two shelves was expanded by 3 to 5 cm towards the right and left sides to allow the two shelves to face each other, while ensuring that the suture was not too tight. After the margin of the vaginal shelf was grasped with an intestinal forceps, the left and right shelves were juxtaposed to each other. To ensure that there was no eversion of the vaginal shelf, closure was performed starting from the cranial side of the vaginal shelf by continuous horizontal mattress sutures using 2-0 polydioxanone (PDS) (Fig. 2A) .
The cavity, which had formed between the vaginal shelf and rectal shelf, was sutured using 2-0 PDS after ensuring that no rectal mucosa remained inside. The suture was essentially in a purse-string pattern, passing through the rectal submucosa, perivaginal tissue, and vaginal submucosa on both sides of the common vault (Figs. 1C and 2B ). Sutures were not placed in the rectal mucous membrane. The skin of the perineum and lips of the vulva were closed by using No. 0 nylon sutures to make simple horizontal mattress patterns (Fig. 1D ). The skin sutures were removed approximately one week after the surgery.
Postoperative care included daily cleaning of the suture line with slightly acidic electrolyzed water for five days after the sealing of the suture line. Injectable kanamycin sulfate (Kanamycin, Meiji Seika Pharma Co., Ltd., Tokyo, Japan) was injected intramuscularly at a rate of 1,000 mg/kg for five days, and flunixin meglumine (flunixin, Meiji Seika Pharma Co., Ltd.) was injected intravenously at a rate of 2 mg/kg for three days. After surgery, the cows were fed normal diet.
Rectovaginal laceration occurred during parturition. The clinical records of all the cows are presented in Table 1 . The mean length of the rectovestibular fistulae in the four cows was 9.7 ± 1.2 cm (range; 9-11 cm).
One of the four cows (No. 4) developed perineal lacerations during the second parturition (when it was three years old) and was surgically treated 38 days after delivery by a referring veterinarian. However, dehiscence of the suture site occurred approximately two weeks after surgery, and the animal was re-operated on 62 days after the first surgery (100 days after delivery). However, even after the second surgery, dehiscence recurred approximately three weeks later. Thus, a third operation was performed 102 days after the first surgery (140 days after delivery), but the dehiscence recurred approximately three weeks later. The owners decided against surgical repair and performed artificial insemination while carrying out vaginal irrigation. As a result, the cow became pregnant. Thirty days after the third parturition (676 days after occurrence of the initial laceration), surgical repair was performed by a referring veterinarian (for the fourth time), but dehiscence recurred two weeks later. Even after the return of estrus, the cow exhibited infertility due to vaginal contamination with feces. Therefore, the animal was sent to the Azabu University Animal Hospital (Fig. 3) . After admission, the fifth surgical repair was performed (924 days after the occurrence of the initial laceration), and after surgery, the clinical course was favorable with no dehiscence of the surgical wound. Thus, the animal was discharged on day 26 after the fifth surgery. Third-degree perineal lacerations with rectovestibular fistulae in four cows were repaired successfully, and perineal conformation was improved by the surgical technique. Fistula formation and dehiscence of the repair were not observed after surgery in any of the four cases.
The time interval between the last parturition and first surgery was 35 to 54 days. The pregnant cows delivered normally, and there was no dehiscence of the suture line during the subsequent parturition. The breeding and fertility results obtained after surgery are presented in Table 1 .
In horses, the Aanes method is conventionally performed in two separate stages because their feces are hard. In contrast, cow feces are soft and place less stress on suture lines during defecation, permitting a single-stage procedure [3, 5, 7] . Previously, the Aanes method was performed using suturing in three sections (the rectum, vagina, and rectovaginal septum). Herein, we report a single-stage modification of the Aanes technique which involves the use of purse-string sutures in only two sections (the vagina and rectovaginal septum). This resulted in favorable outcomes in four cows with rectovestibular fistulae.
First-degree perineal lacerations usually require no medical treatment. However, in deep and severe injuries, perivaginal adipose tissue from the site of injury may protrude into the vagina. As a result, necrosis and infection may occur, leading to an ascending infection which may affect the reproductive and urinary tracts. Therefore, local or systemic administration of antimicrobial Fig. 1 . Stay sutures were placed to tie the disrupted dorsal commissure of the vulva, and the perineum was expanded towards the right and left sides (A). The ventral aspect of the rectum and the healed margin of the laceration on the dorsal aspect of the vagina, which were fused together, were dissected using an incision that divided the area into the following two parts: the vaginal side (vaginal shelf) and the rectal side (rectal shelf) (B). The cavity that formed between the vaginal shelf and the rectal shelf was sutured in a purse-string pattern (C). The skin of the perineum and lips of the vulva were closed with simple horizontal mattress sutures using a No. 0 nylon suture (D). agents may become necessary in first-degree perineal lacerations. Similar to third-degree perineal lacerations, vulvar and perineal functions can also be impaired in second-degree perineal lacerations, allowing air and feces to enter the vagina, and making it impossible for the vagina to be sterile. Thus, second-degree perineal lacerations may also require surgical repair [7, 11, 18] . Further, failure of the surgical repair of third-degree perineal lacerations may lead to the formation of fistulae between the rectum and vagina, such as rectovestibular fistulae and rectovaginal fistulae [6, 15] . In horses, a strong expulsive force during delivery and fetal rotation from a dorso-ventral position to a dorso-sacral position can cause overstretching of the lateral and upper walls of the birth canal [4, 9, 14] , and in most cases, this causes third-degree perineal lacerations and rectovestibular fistulae [11, 18] . In cows, the position of the fetal limbs during delivery is different from that in horses, and as a result, second-degree perineal lacerations often occur, but rectovestibular fistulae are uncommon [5] .
In horses, postoperative complications include urine pooling, complete dehiscence of the repair, constipation, tenesmus, and reduced performance [10] . In addition, dehiscence of the surgical wound is the most common postoperative complication of thirddegree perineal lacerations and can develop regardless of the type of surgical repair [10] . To prevent postoperative complications, surgery was delayed for four to six weeks after injury. This allowed for resolution of the inflammation associated with acute trauma (such as edema and necrosis) and for contraction and epithelialization of the tissue used for shelf reconstruction [3] . In horses, the muscles under the perineum and anal sphincter muscle are tight, and horse feces is hard. Thus, if the surgical repair is performed in a single stage, dehiscence of the suture line may occur postoperatively due to the strain associated with defecation. For these reasons, the Aanes method is performed in two separate stages. A sufficient anal size can be secured by an interval of approximately two weeks between the first and second stages of surgery. Moreover, controlling the fecal hardness as well as the amount of feces through the use of laxatives and relevant forage during this time interval [2, 17] prevents the suture line from being overstretched [1, 7] , thus facilitating defecation [10] . However, given that cow feces are softer than those of horses, and considering the perioperative pain experienced by the animal, it is preferable to minimize the number of operations and sutures. We therefore modified the Aanes method to a single-stage procedure that we used successfully in cows.
In our case series, third-degree perineal lacerations and rectovestibular fistulae were repaired successfully using the modified Aanes method (single-stage surgical technique), and there was no dehiscence of the suture line or fistula formation afterwards. Additionally, none of the cows that produced foals after the initial injury suffered a perineal laceration during subsequent foaling. According to the results of the present study, the single-stage surgical technique for the repair of third-degree perineal lacerations and rectovestibular fistulae appears to have a good prognosis for subsequent fertility in cows.
